A subclass of HSP70s regulate development and abiotic stress responses in Arabidopsis thaliana.
Members of the HSP70 family function as molecular chaperones to maintain cellular homeostasis and help plants cope with environmental stimuli. However, due to functional redundancy and lack of effective chemical inhibitors, our knowledge of functions of individual HSP70s has remained limited. Here, we confirmed a subclass of HSP70s, including HSP70-1, -2, -3, -4, and -5, localized to the cytosol and nucleus in Arabidopsis thaliana. Histochemical analyses of promoter:GUS reporter lines showed that HSP70-1, -2, -3, and -4 genes were widely expressed, but HSP70-5 was not. In addition, individual HSP70 showed not only similar but also distinct transcriptions when treated by different abiotic stresses and phytohormones. No apparent phenotype was observed when individual HSP70 genes were overexpressed or knocked-out/down, but the double mutant hsp70-1 hsp70-4 and triple mutant hsp70-2 hsp70-4 hsp70-5 plants exhibited developmental phenotypes with shortened specific growth periods, curly and round leaves, twisted petioles, thin stems, and short siliques. Moreover, both mutants were hypersensitive to heat, cold, high glucose, salt and osmotic stress, but hyposensitive to abscisic acid. Genes related to flowering, and the cytokinin, brassinosteroid, and abscisic acid signaling pathways were differentially expressed in both mutants. Our studies suggest that, the individual HSP70 possibly performs both redundant and specific functions with the other members in the cytosolic/nuclear HSP70 subclass, and apart from enabling plants to cope with abiotic stresses, this subclass of cytosolic/nuclear HSP70 proteins also participates in diverse developmental processes and signaling pathways.